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 Abstract: Seismic activities off the Sanriku coast including the Japan trench 
region have been studied by using the data from the Kitakami seismic array for the 
period 1972-76. In and around the Japan trench excluding off Miyagi Prefecture 
the seismicity of micro- and small earthquakes was at a high level during this period. 
From the magnitude-cumulative frequency distributions the smallest magnitude 
of earthquakes whose hypocenters have been determined without missing is about 3.0 
for the earthquakes which occurred in and around the Japan trench. In the west side 
of the trench 3 remarkable earthquake swarms occurred. The b values of the 
swarms (0.52-0.61) are smaller than those of background earthquakes and aftershocks 
(about 1.0). In this area the swarms have frequently occurred and in most cases these 
swarm regions did not overlap the preceding ones. These findings are considered 
to be important information for the tectonic stress fields between the Pacific plate 
and the Eurasian plate.
1. Introduction 
   Off the Sanriku coast (between northeastern Honshu and the outer slope of the 
Japan trench) large earthquakes have recurred. The Sanriku district has been damaged 
by those earthquakes and tsunamis. The focal regions of those earthquakes are 
about 150-200 km apart from the coast. Therefore, in the ordinary observation 
system of the land area the detectability of the earthquakes with magnitude 5 or less has 
been very poor in and around the trench (Katsumata (1966) and Ichikawa  (1969)  ). 
In order to investigate micro- and small earthquakes which occurred off the Sanriku 
coast, especially in and around the Japan trench, the Kitakami seismological observatory 
 (KGJ) with 13 seismic array stations has been enhanced its coverage since November 
1971 (Fig. 1, the details are reported by Suzuki  et al. (1972) and Yamamoto and Kono 
 (1982)  ). 
   This paper presents the epicenter and magnitude distributions off the Sanriku 
coast, especially in and around the Japan trench, for the period of 1972-76.
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Fig. 1 Configuration of the Kitakami seismic array.
2. The epicentral distribution of the large and destructive earthquakes 
   Fig. 2 is a map of the epicenters located under the ocean bottom off the Pacific 
coast of northeastern Honshu (the magnitudes are 7.0 or more) based on the data from 
Usami (1975), Usami and Historiographical Institute (1978), and the Japan Meteorological 
Agency  (JMA)  ; the solid circle indicates the 1978 Miyagi-ken-oki earthquake. The 
earthquakes with magnitudes of about 8 occurred in and adjacent the trench, and in 
the west side of that region the earthquakes with magnitudes of 7.0-7.9 have occurred. 
To the south of the 39°N (off Miyagi and Fukushima Prefectures) most of the 
earthquakes  (7.0M7.9) have taken place over the distance range of about 100 km 
from the coast. 
3. Method 
3.1 Determination of  hypocenters 
   The hypocenter determination has been carried out in the same manner as adopted 
by Kayano et al. (1970), except for the correction for the direction of wave approach. 
The calculation method for the directions of wave approach and apparent velocities 
is mentioned in a previous paper (Yamamoto and Kono  (1982)  ). In the case of the 
data from the  KG  J-array, it is difficult to determine velocity structures which can 
sufficiently explain velocity and azimuth anomalies (Yamamoto and Kono  (1982)  ). 
Therefore a horizontally three-layered model was assumed. In order to set the velocity 
structure model, the following factors were taken into  consideration: 1) P wave velocity 
of the surface layer under the array is 5.9  kmis as obtained from the data from 
explosions which were carried out near the array (Yamamoto and Kono  (1982)  ). 2) 
The two-layered crust model is adopted in the Tohoku district by Yoshii and Asano
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Epicentral distribution of large and destructive earthquakes (after Usami 
Historiographical Institute (1978) ).
(1975), Usami
(1972) and RGES  (1977). 3) The  P. velocity is 7.53±0.05 km/s in the land side of the 
aseismic front proposed by Yoshii (1975) and 8.0-8.1 km/s in the ocean side of that 
(RGES). This assumed velocity structure model has the surface layer with a velocity of 
5.9 km/s and a thickness of 10 km, the second layer with a velocity of 6.6 km/s and a 
thickness of 20 km, and the third layer with a velocities of 8.1  kmis in the azimuth 
range  100-170° and 7.5  kmis in the remaining azimuth range. The azimuths are 
measured clockwise from the north. 
   To make corrections for the directions of wave approach the relation between 
the directions of wave approach and the azimuth anomalies was investigated (Fig. 3, the 
details of the data were reported in a previous paper (Yamamoto and Kono (1982) ). 
The relations were approximated by the equations indicated by the solid lines in Fig. 
3. The corrections for directions of wave approach are given by changing the signs of
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3.2. Determination of magnitudes 
   The determination of magnitude (M) was carried out from the duration time of 
oscillation (F—P, sec) (Tsumura  (1966)  ). The relation between M and F-P is plotted 
in Fig. 4 for the earthquakes that satisfy the following condition: 1) the earthquakes 



















M  = 2.60  log(F-P)-1.97
KGJ
    100 1000 
 F  -  P  (sec) 
Fig. 4 Magnitudes determined by JMA versus durations of oscillation obtained from the 
   paper records at KGJ.
smoked
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and magnitudes were determined by JMA and the depths are 0-30 km. 3) the 
epicentral distances from the central station of the array are 200 km or less. The 
duration times (F-P) were read on the smoked paper records of the vertical component 
seismometer (T0=3.2 s). The relation between M and F-P is 
         M =  2.601og  (F  —P)  --1.97  (2) 
As a result of investigation of the effects of the epicentral distances and the depths on 
the magnitudes given by equation (2), it has been proved that this equation can be 
applied to intermediate deep earthquakes and those with epicentral distances of 400 km 
or less. Since April 1975, when the telemetry system of the seismic network of  TOhoku 
University began to operate, continuous recordings of the vertical component seismo-
meter  (T0=1.0 s) of all the stations have been carried out at the Observation Center 
for Earthquake Prediction. The equations for KGJ are given by 
         M  =  3.0log  (F  —P)  +  0.00102  4  —  3.12 (h  S  90  km) (3) 
 M  =  3.01og  (F  —P)+  0.00184  4-3.31 (h  >  90  km) (4) 
where  4 is the epicentral distance in units of km. The differences between the 
magnitude given by equation (3) or (4) and that given by equation (2) are almost within 
±0.2 for the earthquakes (about 500) that occurred in the Tohoku district during the 
period from April 1975 to June 1975. Therefore it is thought that the consistency of 
magnitude is maintained even if we change the equation from (2) to (3) or (4). Since 
July 1975 magnitudes at  KGJ have been given by equation (3) or (4).
4. Epicentral distribution 
   The semi-annual epicentral distributions during 1972-76 are shown in Fig.  5(a)-
(j). Fig. 5(k) shows the epicenters of the earthquakes with magnitudes 4.0 or more. 
The epicentral distribution of the earthquakes whose hypocenters were determined by 
JMA during the same period is shown in Fig. 5(m). In each case the depth is 60 km or 
less. Fig. 6(a), (b), and (c) show the epicentral distributions  (h60 km) corresponding 
to the  KGJ-array, the seismic network of  TOhoku University, and JMA during the 
period from April 19, 1975 to December 31, 1976, respectively. It is obvious that 
the seismic activity in and around the trench  (39°-41°N) is known to be high from the 
epicentral distributions given by the  KGJ-array (Fig.  5(a)-(k)  ). In this period in and 
around the trench few earthquakes with magnitudes 5.0 or more were located by JMA 
(Fig.  5(m)  ). In the period the detectability of the earthquakes that occurred in and 
around the trench by the  KGJ-array was higher than that of the seismic network of 
 TOhoku University as are evident from the epicentral distribution (Fig.  6(b)  ) and the 
magnitude-cumulative frequency distributions (Fig. 9(a), (b), and (c) ). 
   In September 1973, October-November 1974, and March-April 1976 remarkable 
earthquake swarms occurred in the region surrounded by the dotted lines in Fig. 5 (d), 
(f), and (i), respectively. During the period of October-November 1974 the swarm 
occurred in the southwest side region of the  Tokachi-oki earthquake of 1968 indicated
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 Fig. 5 (a)-(j) Semi-annual epicentral distributions by the KGJ-array data from January 1972 to 
     December 1976. The large cross denotes the KGJ-array and the small crosses indicate the
     stations of the seismic network of  TOhoku University. (d) The dotted line denotes the 
     earthquake swarm region (September 1973). (f) The dotted line denotes the earthquake 
     swarm region (October-November 1974). The solid line denotes the aftershock region of 
     10 days following the Tokachi-oki earthquake of 1968 indicated by the thick cross. (i)
     The dotted line indicates the earthquake swarm region (March-April 1976). (k) and (1) 
     Epicentral distributions by the KGJ-array data for the period of 1972-76  (  (k): all the
     data,  (I):  M4.0). (m)  Epicentral distribution by JMA for the period of 1972-76. 
by the cross mark in Fig. 5(f). The area surrounded by the solid line is the aftershock 
region of 10 days following the main shock. As seen from Fig. 5(a)-(e) the seismic 
activity in this region had been in low level before the swarm occurred. Three 
swarms occurred about 50 km west to the trench. This is considered to provide 
an important information on dynamic relations between the Pacific plate and the 
Eurasian plate. 
   In the region  (39-40°N, 143-145°E) swarms have frequently recurred. As to the 
post-aftershock sequence accompanying the earthquake occurred on June 12, 1968 (M= 
7.2), the epicentral distributions of the swarms and the cases in which 3 or more 
earthquakes occurred within 10 days following the first event are shown in Fig. 7 (JMA 
data). The earthquake sequences in this region have a tendency to occur outside of 
the preceding sequence. Investigating the relation between the time and space 
distributions of the earthquake sequences and the accumulation and release of strain 
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Fig. 6 Epicentral distribution for the period from April 19, 1975 
   KGJ-array, (b) the seismic network of  TOhoku University,
 JMA
37 N
to December 31, 1976: (a) the 
and (c) JMA.
important clue for prediction of a great earthquake which will occur off the Sanriku 
coast. In Fig. 5(k) and (m) a seismic gap can be seen at and around the point (40°N, 
143°E) off Iwate Prefecture. 
   Yamamoto and  Kona (1975b) pointed out that the seismic activity in and around 
the trench off Miyagi Prefecture where the occurrence of earthquakes with magnitudes 
8.0 or more was expected was very low from the epicentral distribution obtained by the 
 KG  J-array data for the period 1972-74. The seismic activity in this region was also 
very low in 1975-76 (Fig. 5(a)-(j) ). Nagumo (1973) reported the seismic gap and a 
high probability of the occurrence of large earthquakes in and around the trench off 
Miyagi Prefecture. Seno (1979) pointed out that the probability of occurrence of a 
large earthquake in that region would be high according to the correlation in time and 
space between the seismic activity of intraplate and that of interplate,  crustal deforma-
tions, and other geophysical data. On June 12, 1978 the earthquake with magnitude 
7.4 occurred at the west side of the expected region (Fig.  2). Nagumo (1978) 
described that in the seismicity gap the probability of occurrence of a large earthquake 
is high, and that observations with ocean bottom seismometers are necessary. Utsu 
(1979) also emphasized the necessity of monitoring the seismic activity in that area. 
On January 19, 1981 a large earthquake (M=7.0) occurred in the northern part of the 
region pointed out by Seno  (1979).
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seismic activities which 
epicenters were given by
   The epicentral distributions (data from JMA and the seismic network of  TOhoku 
University) show that the seismic activities near the coast of Fukushima Prefecture 
and along the coastal line of the Japan Sea of the Tohoku district were high (Figs. 5(m) 
and  6(b)  ). In the case of the earthquakes occurred in those areas with depths 60 km 
or less the relative energies of the P wave parts are usually very small and their onsets 
are not sharp. Therefore, for nearly all the earthquakes mentioned above it is 
difficult to read the P arrival times (even first peaks or troughs) within the precision 
of ±0.05 s (i.e. within  ±  1.5 mm on the paper records), thus making the determina-
tion of hypocenters almost impossible. For this reason the seismic activities in those 
regions are apparently very low according to the epicentral distributions from the
SEISMIC ACTIVITIES IN AND NEAR THE JAPAN TRENCH
 KG  J-array data. The investigation of the weak P-wave arrivals mentioned 
is a subject of future research.
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5. Magnitude-frequency distribution 
   In order to investigate the detectability of the  KG  J-array for the earthquakes 
occurred off the Sanriku coast (from the coast to the 145°E) the magnitude-cumulative 
frequency distributions for the period 1972-76 are plotted in Fig.  8(a)—(e). In the region 
from 142°E to 143°E the earthquakes with depths of 60 km or less were examined. 
In the region from 143°E to 145°E all the earthquakes were used. For the period 
April 19, 1975 to December 31, 1976 the magnitude — cumulative frequency distributions 
of the  KG  J-array and the seismic network of  Tohoku University (NET) are shown in 
Fig.  9  (a), (b) and (c). It is well known that the distribution of earthquake frequency 
n(M) with respect to magnitude M is represented by the Gutenberg-Richter relation 
 log  n(M)  =  (a—bM)dM 
where a and b are constants. The constant b was calculated from the following equa-
tion (Utsu (1965)  )  : 
 s  log  e                           b
=  E  M
i—sMs 
where s is the total number of the earthquakes with magnitude  Ms and larger and  EM1 
is the sum of magnitudes of s earthquakes. In each magnitude cumulative frequency 
distribution  Ms and b are indicated. The b values are between 0.76 and 0.95 (Fig. 9(a), 
(b), and (c) and Table I). The b values in the Tohoku district have been obtained by 
several investigators. For example, using the data from JMA, Utsu (1967) reported 
              b = 1.04 (s = 278) ( 0  S h   60 km) 
 b  =  0.89 (s 139) (  0    hS  30 km) 
              b  — 1.16  (s  = 139)  (40  S  h  S  60 km) 
The b values obtained in the present study are in good agreement with those of the 
previous studies. From the magnitude-cumulative frequency distributions (Fig.  8(a)- 
(e) ) it is clear that nearly all the earthquakes with magnitudes 3.0 or more which 
occurred in and around the trench off the Sanriku coast can be detected at the  KG  J-
array. 
   In the case of the swarms or aftershock sequences earthquakes frequently occur 
before the amplitudes of the preceding seismic motions return to the background noise 
level or preset amplitude, therefore there are the earthquakes whose magnitudes 
cannot be given. The magnitude given by  KG  J can be considered to be the same in 
quality as that given by JMA, because the former is based on the latter as mentioned 
in the subsection 3.2.. As to 3 earthquake swarms that occurred in September 1973, 
October-November 1974, and March-April 1976, the magnitude-cumulative frequency 
distributions are shown in Fig. 10. If the magnitudes could not be determined for the 
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earthquake swarms off the
be used directly. The b values of the swarms are 0.61, 0.56, and 0.52, respectively. 
These b values are smaller than those of the background earthquakes and aftershock 
sequences in the same regions. As to the swarm in September 1973 Yamamoto and 
Kono (1975a) obtained the m value in the  Ishimoto-Iida statistical relation of the 
amplitude — frequency distribution to be  1.60±0.02, therefore in this case  b=m-1. 
Utsu (1969) reproted that b values of the swarms and the aftershock sequences in which 
the differences in magnitude between the main shocks and the largest aftershocks were
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small were 0.45-0.65 off the Sanriku coast. It is a predominant characteristic that the 
swarms have recurred and the b values are small in the region west of the trench. 
6. Conclusions 
   Seismic activities off the Sanriku coast including the Japan trench region have 
been studied by using data from the  Kitakarr  i seismic array for the period 1972-76. The 
 following results are  obtained: 
   (1) In and around the Japan trench (excluding off Miyagi Prefecture) the 
seismicity of micro- and small earthquakes was at a high level. 
   (2) The smallest magnitude of earthquakes whose hypocenters were determined 
without missing is about 3.0 for the earthquakes which occurred in and around the 
Japan trench. 
   (3) In the west side (about 50 km) of the Japan trench 3 remarkable earthquake 
swarms occurred. The b values of the swarms are  0.52-0.61, and these values are 
smaller than those of background earthquakes and aftershocks (about 1.0). In this 
area the earthquakes swarms have frequently occurred and in most cases these swarm 
regions did not overlap the preceding ones. 
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